Malacoplakia is a rare inflammatory condition characterized by the accumulation of benign macrophages associated with pathognomonic Michaelis-Gutmann bodies (MGBs). It is usually found in the genito-urinary tract, and has been associated with immunocompromised states. In this short report, we present 5 patients with pulmonary nodules clinically suspicious for primary or metastatic lung cancer. The histologic examination of the surgical specimens revealed a nonspecific granulomatous chronic disease, and despite the paucity of classical MGBs, a pulmonary malacoplakia was suspected. In all cases the opportunistic pathogen Rhodococcus equi (R. equl) was identified by 16S rRNA gene sequence analysis, leading to the final pathological diagnosis of malacoplakia. We conclude that pulmonary malacoplakia associated with R. equi is a rare disease affecting also immunocompetent patients. The pathogenesis and the diagnostic problems are discussed. Since infection by R. equi is treatable, the importance of its early recognition should be emphasized.
85 years, being more frequent in the fifth to seventh decades. The distribution is equal in both sexes, although in the bladder the predilection is for the female sex (5) .
Malacoplakia has been frequently associated with multiple infectious agents, most often bacteria. The exact pathogenesis of this disease is still unknown, but it is usually thought to represent a defective host macrophage response to a bacterial infection: an impairment of the phagolysosomal breakdown of ingested organisms could cause the progressive deposition of iron and calcium around the partially digested bacteria (3) . Pulmonary malacoplakia is rare. It usually occurs in association with acquired immunodeficiency syndrome (AIDS) and other immunosuppressive conditions such as organ transplantation, malignancies and diabetes mellitus (3) . In the lung, malacoplakia has been associated with Rhodococcus equi (R. equi), a Gram-positive, aerobic, nonmotile, catalase-positive actinomycete, well-known pulmonary pathogen of foals and other domestic animals (6) . R. equi is also an opportunistic human pathogen that infects primarily immunosuppressed patients. Almost all cases ofpulmonary malacoplakia associated with R. equi have been described in patients with AIDS, probably because following HIV infection, cells of macrophage lineage display impaired functions, including phagocytosis and intracellular killing (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Instead, infection with R. equi in immunocompetent hosts is extremely rare (21) .
Herein, we describe 5 cases of pulmonary malacoplakia with R. equi infection mimicking primary or metastatic lung cancer.
MATERIALS AND METHODS

Case presentation
We observed histopathological slides and medical records of five patients admitted to our hospital between 2004 and 2008 for pulmonary isolated nodular lesions. In all patients routine preoperative laboratory tests were negative.
Case 1
In 2004 a 75-year-old woman, smoker often cigarettes/ daily, was admitted to our hospital because of shortness of breath, persistent cough and illness. Her past medical history was negative. A chest radiograph and a CT scan revealed a nodular lesion in the middle lobe, measuring 3 em in greatest dimension, with poorly defined margins and associated pleural thickening. A successive CT scan documented a slight increase in size of the lesion. Image guided, fine needle aspiration biopsy (FNAB) ofthe lesion revealed non-diagnostic findings. The patient underwent surgery and the middle lobe of right lung was removed.
Case 2
A 72-year-old man with a medical history of benign prostatic nodular hyperplasia was admitted to our institution in 2007 for persistent cough, dyspnoea and left chest pain. A chest radiograph and a CT scan showed a nodular lesion of anterior basal segment of the left lobe, 1.2 cm in greatest dimension, with irregular borders and pleural adhesions. FNAB was performed with nondiagnostic findings. An atypical lung resection was performed. An intra-operative histological diagnosis of inflammatory lesion was made.
Case 3
A 64-year-old woman with a history of pancreatic adenocarcinoma, treated by chemotherapy, in January 2008 was admitted to our hospital for illness and dyspnoea. Moreover, type 2 diabetes mellitus was referred. A chest radiograph and a CT scan for staging demonstrated a nodule in the pulmonary right superior lobe, measuring 0.5 em in greatest dimension, with irregular borders, highly suspicious for metastasis from the known pancreatic adenocarcinoma. A CT/PET showed a weak metabolic activity of the lesion (Fig. 1 ). An atypical lung resection was performed. An intraoperative histological diagnosis of inflammatory lesion was made.
Case 4 In June 2008 a 51-year-old man, because of bronchopneumonia, underwent a chest x-ray showing many bilateral sub-centimeter nodules. Three successive CT scans, carried out in the following 6 months, confirmed the presence of the lesions, the largest of which was located in the sub-pleural area of the right lung and measured 0.8 em at its greatest dimension. In January 2009 the patient underwent surgery and an atypical lung resection was performed.
Case 5
A 59-year-old man, smoker of twenty cigarettes/daily, with a history of prostatic adenocarcinoma treated in August, 2008 by hormone therapy, was admitted to our institution. A total body CT scan for staging performed in September 2008 demonstrated in the pulmonary right upper lobe a mass measuring 2 em at its greatest dimension, with policyclic margins suspicious for a secondary lesion. ACT/PET showed a heavy metabolic activity ofthe lesion (Fig. 2) . On spirometry, a restrictive ventilatory defect was noted. In November 2008 the patient underwent surgery and the upper lobe of right lung was removed.
Histochemical and molecular analysis
We observed 4-~m thick, haematoxylin and eosin (H&E) stained sections from formalin-fixed, paraffinembedded tissue samples. The histological sections were stained with Gomori methenamine silver (GMS), periodic acid-Schiff (PAS) reaction with and without diastase, and von Kossa.
DNA was obtained from sections (10 mm thick) of formalin-fixed, paraffin-embedded material from all cases. It was purified from each sample using the DNeasy Tissue kit (Qiagen, Valencia, CA), according to the supplier's instructions.
The DNA was eluted in 200 ml of elution buffer, and 20 ml were used directly in the PCR assay. The oligonucleotides used as primers in PCR were designed to amplify the bacterial 16S rRNA gene (22) . Amplification of I6S rRNA gene was carried out in 50-ml reaction mixture containing 10 mM Tris-HCI (pH 8.3), 50 mM NaCl, 3.0 mM MgCI2' 0.01% gelatin, 0.2 mM deoxynucleoside triphosphates (dATP, dGTP, dCTP, dTTP), 0.2 mM primers 355f (5' -ACT CCT ACG GGA GGC AGC-3') and 907r (5'-CCG TCA ATT CCT TTA AGTTT-3 '), I unit ofTaq DNA polymerase (Perkin-Elmer Cetus, Norwalk , CT). The reaction mixture was subjected to 40 cycles of amplification by using an automated DNA thermal cycler (Perkin-Elmer Cetus). Each cycle included 1.5 min of denaturation at 94°C, 2 min of annealing at 55°C, and 3 min of extension at n°e. Electrophoresis of PCR products (10 ml) was performed on 1% agarose gel stained with ethidium bromide. In order to detect the presence of PCR-inhibiting factors, the samples giving a negative PCR result were subjected to amplification 
RESULTS
In all cases the lesions presented as raised, finn, white-yellowish nodules, with expansive margins and central necrosis.
On microscopy, sheets of epithelioid hystiocytes with round or ovoid nucleus and abundant, acidophilic, and granular cytoplasm were seen around areas of central necrosis (Fig. 3) . PAS diastase (Fig. 4) and GMS (Fig. 5 ) stains highlighted the macrophagic cytoplasm and the well formed, but very rare, extracellular MGBs, seen in case 1. Rare von Kossa positive coarse calcifications were seen in the cytoplasm of the macrophages (Fig. 6 ). Cases from 2 to 5, in which MGBs were not seen, were diagnosed as malacoplakia in the early phase. In all cases, few acute or chronic inflammatory cells were observed.
Amplification of the formalin-fixed DNA from all patients yielded a 570 base pairs amplicon of the gene coding for the small subunit 16S ribosomal RNA, which was sequenced. Results of a search for the obtained sequence, using the EMBL GenBank database with the Fasta 3.0 program, revealed our strain identical to that of Rhodococcus equi (EMBL GenBank prokaryotes, library accession no. 
DISCUSSION
Pulmonary malacoplakia is a very rare condition, an unusual infection occurring also at unusual sites in compromised hosts, usually for HIV infection, transplantation or malignancies. In these patients, the main cause of pulmonary malacoplakia is Rhodococcus equi infection (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . In the English literature only four cases of pulmonary malacoplakia are reported in immunocompetent hosts (Table I) (24) (25) (26) .
Clinically, pulmonary malacoplakia is difficult to diagnose. Its clinical and radiological presentation is often insidious, and the radiological appearance, usually characterized by the appearance of solitary or multiple nodular lesions, can mimic primary or metastatic neoplastic disease. We describe 5 cases of pulmonary malacoplakia. The median patient age was 62 years. Two patients suffered from pathological conditions associated to impaired immune function (malignant tumors and type 2 diabetes mellitus), one patient had previous bronchopneumonia, but in two patients the past clinical history was negative for underlying immunosuppression. Therefore, in all cases routine preoperative laboratory investigations were negative. In agreement with the suggestion of Kumar et al. (24), we hypothesize the possibility that transient conditions of immunodeficiency, such as those occurring during a common short-term infection, could have taken place in our apparently immunocompetent patients.
With one exception (case 4), all lesions in our cases were solitary and ranged in size from 0.5 em to 2 em, with a median size of 0.76 em. Only in one patient (case 1) the lesion appeared to be growing in the repeated preoperative CT/PET. Histologically, in our cases the lesions were composed of sheets of macrophages with eosinophilic, PAS and GMS positive granular cytoplasm, with occasional central necrosis, but without cavitation. The rare MGBs, observed only in our case n.l, were better appreciated with PAS stain rather than with H&E or von Kossa stains. In cases 1 and 2, the preoperative performed FNAB did not provide sufficient material for a confident cytological diagnosis.
In our cases, the radiological finding of noncalcified, pulmonary lesions in patients without clinical evidence of immunodeficiency or infectious diseases, was suspicious for primary or metastatic lung cancer. However, the histological examination of the surgical specimens revealed a non-specific granulomatous chronic disease, and despite the paucity of MGBs, a pulmonary malacoplakia was suspected. The molecular findings, permitting to identify R. equi specific DNA, confirmed morphological suspicion in all cases, and a final diagnosis of lung malacoplakia was rendered.
Almost all cases of pulmonary malacoplakia associated with R. equi have been described in patients with AIDS (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and R. equi is the bacterium more frequently identified in almost all cases of localized pulmonary malacoplakia (3) . Only the study of Pang, discussing the coincidental association between pulmonary malakoplakia and tuberculosis in an immunosuppressed patient, showed that microbiologic cultures were positive for acid-fast positive bacilli from the hilar node specimen, and negative for any other microorganisms such as R. equi, but positive for Escherichia coli from the lung culture (27) . Interestingly, reported cases of generalized malacoplakia with pulmonary involvement, but also with osseous, renal, cerebellar, perianal and vescical infections, have been seen in association to other types of bacteria (E.coli, Klebsiella, Corynebacterium, Acinetobacter) (7) .
Moreover, in the English literature we were able to find 18 cases of pulmonary malacoplakia associated with R. equi infection. As we can see in Table II , all these patients were affected by immunosuppressive conditions (14 cases with HIV infection, 3 cases with haematological malignancies, and organ transplantation in 1 case). In all published reports, R. equi infection associated to malacoplakia had been diagnosed by microbiologic culture only. Conversely, in the present study we identified R. equi by the PCR assay, that is a rapid, sensitive and highly specific method to detect R. equi (22) .
We have to remember that in the same studyperiod, other cases, morphologically characterized by malacoplakia-like morphological lesions with PCR negative results for R. equi, were admitted at our hospital (data not shown). These data proved the importance of the PCR assay to identify R. equi and to confirm the histopathological diagnosis of malacoplakia.
To our knowledge, only four cases of pulmonary malacoplakia in immunocompetent hosts have been reported in the literature, and R. equi was not detected in any cases (Table I) (24) (25) (26) . This bacterium, firstly described in 1923 by Magnusson as Corynebacterium equi (28) and later reclassified as R. equi (29) , is one of the most important causes of mortality in foals (30) . It shares the lipid-rich cell wall envelope characteristic of the mycolata, including Mycobacterium tuberculosis, as well as the ability of pathogenic members of this group to survive within macrophages (30) . In fact, the basis of the pathogenicity of R. equi is its ability to multiply within the host cells of the monocyte-macrophage lineage, by arresting the normal pathway of phagosome maturation, and finally to destroy the cells in a necrotic process (30) .
We suggest that the absence of classical MGBs in all but 1 (that one with the greatest dimension, 3 em in diameter) of our cases should be related to the recent onset of the disease, which did not allow the formation of the pathognomonic intraand extracellular calcospherites. In fact, it has been postulated that malacoplakia passes through three histological phases: (1) early, prediagnostic, in which the classical MGBs are not usually seen; (2) classical, in which intracellular and extracellular MGBs are observed, and (3) fibrosing, healing lesion. The classical phase corresponds to the well-known picture, described many times in the literature (5) .
Malacoplakia probably is underdiagnosed, mainly the early phases of the disease, when classical MGBs are not seen. It is possible that temporary forms of immunosuppression of various origin ("flu" or other short infections) can explain the occurrence of such lesions in individuals otherwise immunocompetent.
Even though pulmonary malacoplakia is a rare entity, it is evident from our study that this disease should be considered in differential diagnosis of pulmonary masses among both immunodeficient and immunocompetent patients. Similar histological features, such as the accumulations of histiocytes with abundant granular cytoplasm, can occur in infections by different microorganisms including Mycobacterium avium-intracellulare complex, Cryptococcus neoformans, Histoplasma capsulatum, and Tropheryma whippelii. It is important to correctly diagnose early phases ofpulmonary malacoplakia also by PCR, because this infectious disease is treatable and radical surgical intervention is unnecessary.
The purpose of this short report is to highlight the importance of a concerted morphological and molecular diagnosis of pulmonary malacoplakia caused by R. equi, mainly whenever the histological picture corresponds to an early, prediagnostic phase, in which the classical MGBs are not usually seen. Awareness of malacoplakia, which is responsive to therapy, can help avoid misdiagnosing neoplastic diseases or other inflammatory conditions.
To our knowledge, the finding of pulmonary malacoplakia associated with R. equi infection has not been previously reported in immunocompetent patients.
